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Sample delivery apparatus 


The invention relates to a sample delivery apparatus 
for planar miniaturized analytical systems . 

5 

In sectors such as food analysis, environmental 
analysis or industrial quality control, there is 
increasingly a need for analytical systems which enable 
exact and quantitative analysis of complex mixtures 
10 rapidly and without requiring a lot of apparatus. In 
□ addition to sensors for rapid tests which are based on 

n 

p\ specific chemical reactions and therefore are not 

\D universal methods, principally chromatographic and 

\[l electrophoret ic separation methods are useful. In 
41 . 15 contrast to most chromatographic and electrophoret ic 

s methods, isotachophoresis (ITP) offers the possibility 

f|| of analysing large amounts of sample with high 

^ separation selectivity without previous workup. 

was 

f-j Electrophoretic separation methods such as ITP are also 

H 20 suitable for use in miniaturized analytical systems 

(MAS) , so that the equipment requirements for analyses 
can be greatly reduced. An important advantage of the 
use of MAS is that these can be discarded after 
contamination. In order to achieve this advantage, the 
25 reproducibility of analyses in series and between 
different MASs of the same type must be ensured. 

In addition to the analytical apparatus itself, one of 
the most important components of a miniaturized system 
3 0 is the sample delivery apparatus. Since methods such 
as, for example, ITP are highly variable with respect 
to sample properties and amounts, the sample delivery 
method determines the sample volume and type of sample 
that can be analysed. 


35 


In macroscopic analytical systems, mechanical delivery 
apparatuses for delivering a defined sample volume can 
be used similarly to the case of instruments for high- 
pressure liquid chromatography or instruments for 


isotachophoresis . In Figure 4, by way of example, such 
a delivery apparatus of the prior art is described in 
more detail. The apparatuses generally consist of 
stopcock systems built up in a complex manner, some 
having integrated delivery loops. These apparatuses 
cannot be applied to miniaturized analytical systems, 
since rotatable stopcocks or other mechanical 
apparatuses, for example closable valves, cannot be 
correspondingly miniaturized. 

Therefore, in the case of miniaturized analytical 
apparatuses based on capillary electrophoresis (CE) or 
ITP, apparatuses are used in which the sample is 
delivered electrokinet ically utilizing the 

electroosmotic flow. This is termed electroosmot ic 
sample delivery hereinafter. A diagrammatic set-up of 
such an apparatus of the prior art is shown in 
Figure 3 . By means of crossed or crossed offset 
capillary structures, a sample volume is defined by a 
channel firstly being filled with sample. This can be 
achieved, for example, electroosmot ically by applying a 
voltage. The electrodes in the filled channel are then 
switched to the same potential and a voltage is applied 
to the separation channel system situated 
perpendicularly thereto. In this manner, the sample 
volume which is situated at the point of intersection 
of the two channel systems is transported into the 
separation channel system. The sample volume thus 
generated is in the region of a few nanolitres or less. 

Although it is possible in this manner to deliver a 
sample volume defined by the intersection of the 
channels, the volume elements in which mass transfer 
takes place with the side channels by diffusion are 
very large in relation to the sample volume defined by 
the intersection volume. Thus the sample volume which 
is actually introduced is subject to great variations. 
Since only very small sample volumes can be analysed, 
the concentration of certain analytes in the detection 


region rapidly falls below the limit of detection or 
the sample volume taken cannot be considered as 
representative for the totality of the sample. 

In addition, if the channel cross sectional area is 
sufficiently large, the sample can be delivered by 
hydrodynamic injection from a sample vessel. In this 
case, a part of the sample is transported by time- 
controlled application of a pressure difference between 
the external sample vessel and the start of the 
separation capillary. A disadvantage of this method is 
a high dependency of sample volume on sample properties 
(for example viscosity) , but also on the achievable 
accuracy of pressure control. Even owing to this, 
delivering an exactly defined sample volume is not 
possible. In addition, there are also problems here due 
to diffusive or convective mass transfer at the 
interfaces between sample volume and adjacent volume 
units. In the case of commercial non-miniaturized 
systems, hydrodynamic injection is prior art, for 
miniaturized systems it offers no advantages over the 
above-described electrokinetic injection utilizing 
electroosmot ic flow. 

Direct elect rophoret ic injection from an external 
sample vessel (without utilizing electroosmot ic flow) , 
as also used in commercial instruments, is not suitable 
at all in principle for delivering defined volumes, 
since in this case no volumetric flow is generated in 
the sample solution, but only ions are transferred 
electrophoretically into the separation system. 

A further fundamental disadvantage of all electro- 
osmotic methods results from the restricted choice of 
materials. Since sample transport is associated with 
the occurrence of an electroosmot ic flow, a high charge 
density must be present on th% material surface. In 
addition, even during delivery, electrophoret ic 


fractionation of the sample occurs, so that an 
inhotnogeneous injection profile results. 

Since by means of ITP relatively large sample volumes 
can be analysed without a problem, the analytical 
performance of the current miniaturized analytical 
systems are largely restricted by the unsatisfactory 
method for delivering large defined sample volumes. 

The object of the present invention is therefore to 
develop a sample delivery apparatus which makes it 
possible to introduce defined variable sample volumes 
between 0.01 and 100 fxl into a miniaturized analytical 
system. 

It has been found that a delivery apparatus consisting 
of a channel system and fluidic connections for the 
liquid transport makes it possible to deliver large 
sample volumes in planar systems. By opening the system 
at the end of a channel section and simultaneously 
charging the channel section with the sample solution 
at the other end, a defined channel section is filled 
with the sample solution. The volume of the channel 
section and thus the sample volume delivered is defined 
by the geometry of the channel section, but is 
otherwise freely selectable. 

The invention therefore relates to an apparatus for 
delivering defined sample volumes above 0.01 fil for 
miniaturized analytical systems, comprising chiefly at 
least one channel section at each end of which fluidic 
connections are present. 

In a preferred .embodiment of the apparatus, sample 
volumes between 0.0 5 and 3 0 fil can be delivered. 

A preferred embodiment is further a delivery apparatus 
which contains at least two serial channel sections, 
each of which is delimited by fluidic connections. When 
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the two channel sections are directly adjacent, three 
fluidic connections are thus provided in total. 

A preferred embodiment is also a delivery apparatus 
which contains a channel system having at least two 
parallel channel sections which are delimited 
independently of one another by fluidic connections. 

A preferred embodiment is an apparatus which possesses, 
as fluidic . connections, micromixers, valves and 
micropumps or tightly sealing micropumps . 

Figure 1 shows an inventive delivery apparatus. 

Figure 2 shows a possible procedure for charging a 
miniaturTzed analytical system by an inventive delivery 
apparatus . 

Figure 3 shows a delivery apparatus for miniaturized 
analytical systems from the prior art. 

Figure 4 shows a delivery apparatus for macroscopic 
analytical systems from the prior art. 

In contrast to other delivery methods, in the case of 
the inventive apparatus, the channel system is open at 
two positions during sample delivery. One opening 
serves for introducing the liquid, that is to say for 
example the sample solution, the other opening enables 
the egress of the liquid or air previously present in 
the system. The principle of the inventive delivery 
apparatus is therefore displacement by the sample 
solution of a volume of liquid or gas situated in a 
defined channel section. 

By a suitable choice of the inlet and outlet openings, 
only the liquid in the intermediate channel section is 
displaced, or the intermediate channel section is 
filled. The liquid in any adjacent side channels 


present is not exchanged, since there are no open inlet 
or outlet openings in the side, channels and thus the 
liquid in these regions is moved neither by pressure 
nor by suction. Losses or dilutions due to liquid 
streams on the contact surfaces to side channels are 
low in relation to the overall sample volume which is 
typically in the fil range. At a suitable constant 
metering rate, the sample can be delivered very 
reproducibly . This is a great advantage compared with 
methods in which very small sample volumes of a few 
nanolitres are delivered. An inventive delivery 
apparatus is also suitable in principle for delivery 
volumes of less than 50 nl . However, compromises are 
then necessary with respect to precision and accuracy. 

The sample liquid can be transported via closely 
connected pumps, syringes, micromixers, electroosmosis 
or hydrostatic pressure, preferably via micropumps and 
valves . 

These apparatuses can be mounted preferably externally, 
as close as possible to the chip. 

The exiting liquid need not be additionally pumped off. 
It is sufficiently effectively displaced by the 
pressure of the injected replacement liquid. 

This type of charging avoids the disadvantages of 
electroosmotic injection, that is to say charging is 
substantially independent of sample composition, pH and 
the material of the analytical system. By means of 
existing valves or tightly sealing pumps, any 
interfering liquid motion, for example due to 
hydrostatic pressure differences or electroosmosis, is 
prevented . 

According to the invention, all valves, pumps or 
micropumps, tightly sealing micropumps, micromixers or 
other connections of the inventive apparatus which 


serve for charging the channel system are termed 
fluidic connections. 

The inventive delivery apparatus can be used for any 
type of planar miniaturized analytical system. These 
can be systems for analysis or else systems which 
additionally contain separation or derivat ization 
units. Corresponding miniaturized systems are known to 
those skilled in the art. 

Viscosity and ionic strength of the sample solution or 
of the solution to be displaced, that is to say for 
example a transport buffer, only have a small effect on 
metering or charging rate. It is possible to charge 
suspensions, emulsions, particle-containing and cell- 
containing liquids. Similarly, the choice of material 
for construction of the analytical apparatus is subject 
to no restriction, that is to say particularly the 
properties of the walls of the channel system of the 
inventive sample delivery apparatus. Pressure 
variations, pulses, start-up or shut-down effects 
during sample introduction also have no effect on 
metering accuracy . 

The inventive apparatus has broad system-related limits 
with respect to delivery volume. The volume of sample 
liquid which can be injected is determined solely by 
the volume of the channel section which is situated 
between the openings. By varying the geometric 
dimensions of this section in the design of the channel 
system of the analytical apparatus, sample volumes 
matched to the analytical problem may be established in 
advance. Similarly, it is possible to implement 
differently-sized sections in parallel and/or in 
series, so that the volume of the section to be 
displaced by the sample solution can be varied. More 
preferably, therefore, an analytical system for using 
the inventive apparatus is provided with a plurality of 
channel sections of different dimensions which can be 


used for sample delivery via respectively independent 
fluidic connections. By this means, sample volumes 
between 0.01 /zl and 100 fil , preferably between 0.05 and 
30 ill, at different steps, can be injected according to 
requirements. In this case, usually, coefficients of 
variation during delivery of sample volumes from 1 jxl 
of about 5%, typically less than 2%, are achieved. 

In this manner, quantitatively reproducible and readily 
handlable representative sample quantities of a liquid 
analyte can be introduced into any. microstructured 
system. Particular preference is given to the use of 
the inventive apparatus for ITP, since this gives the 
possibility of enriching and separating very small 
amounts of analytes from large sample volumes. 

Figure 1 shows, by way of example, a possible 
arrangement of the channel system of the inventive 
delivery apparatus. The channel system is subdivided 
into two channel sections 1A and IB of different 
volumes. Adjacent thereto is the separation channel 1C. 
Via the fluidic connections 11, 12 and 13, either 
channel section 1A (when connections 11 and 12 are 
open) or channel section IB (during charging via 
connections 12 and 13) or the two channel sections 
together (during charging via connections 11 and 13) 
can be filled with the sample solution. After charging 
the delivery sections, by applying a voltage the sample 
is fractionated in section 1C. If only section 1A was 
filled with the sample, section IB can also be used as 
separation path, so that the separation path can be 
extended if required. 

Figure 2 shows a possible procedure for charging a 
miniaturized analytical system. The figure shows a 
channel system consisting of three reservoirs Rl to R3 , 
the channel sections Kl to K4 , the fluidic connections 
Fl to F6 and a branching point Vz . The system shown in 
the figure has a channel section Kl for sample 
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delivery. The separation can be performed along channel 
section K2 and K3 , or K2 and K4 . To carry out an 
isotachophoretic separation, the system must be charged 
with a sample and appropriate buffers. In this case, 
5 the sample volume must be in contact with one buffer 

(leading buffer) at one end in the direction of the 
separation path and with another buffer (terminating 
buffer) at the other end. As a result of the branching 
Vz of the channel system, there is the possibility of 
10 charging different leading buffers via reservoirs R2 

and R3 . Components which have been fractionated from 

the sample can be discharged via the fluidic connection 

F3 . 

15 In order to achieve the desired arrangement of sample 
and buffers in the channel system, firstly, as shown 
diagrammatically under A in the figure, the fluidic 
connections F2 (outlet), F4 , F5 and F6 (inlets) are 
open, and the channel system is filled via the three 

20 reservoirs with the two leading buffers (via R2 and R3 , 
shown hatched and dotted, respectively) and the 
terminating buffer (via Rl , shown with vertical 
stripes) . Excess buffer can exit via the fluidic 
connection F2 . In this manner, channel section Kl fills 

25 with terminating buffer, section K3 with leading buffer 
(LE2) via R2 , section K4 with leading buffer (LEI) via 
R3 and channel section K2 contains a mixture of the two 
leading buffers. The fluidic connections Fl and F3 
remain closed during this step. 

30 

Channel section K2 can be filled with leading buffers 
optionally via R2 or R3 . K2 is the first section of the 
separation path. 

3 5 Part B of the figure shows how the sample is introduced 
into channel section Kl and the channel section K2 is 
filled with a leading buffer via R3 . The fluidic 
connections F5 and F6 are closed and. no further 
trailing buffer is pumped via Rl and no further leading 


buffer (LE2) is pumped via R2 . Fluidic connection F4 is 
open and channel section K2 is filled with leading 
buffer (LEI) via R3 . At the same time, fluidic 
connection Fl is open and the sample is fed via Fl 
(shown as wavy lines) . Excess sample and excess leading 
buffer (LEI ) can exit via the open fluidic connection 
F2 . By the leading buffer (LEI) and the sample volume 
being pumped simultaneously against one another, a 
particularly precise filling of channel sections Kl and 
K2 is achieved. In this manner, it is possible to 
perform exact charging even using pumps which have a 
slight pulsation. 

After completion of the filling operation, the fluidic 
connections are closed. This thus produces a closed 
system without hydrodynamic flow in which the 
separation can be carried out reproducibly . The sample 
can be separated completely or in fractions via the 
channel sections K2 and K3 or via the channel sections 
K2 and K4 . As soon as the sample or a chosen fraction 
has migrated through the channel section K2 and has 
arrived at the branch Vz, a decision can be made as to 
whether separation is to be carried out further in the 
direction of K4 or K3 . This is achieved by switching 
over the anode potential from F4 to F6 for a long 
period or temporarily. 

The table below shows again in outline the switching of 
the fluidic connections during the individual sample 
delivery steps: 


Filling 
process 

Fluidic connections 

Fl 

F2 

F3 

F4 

F5 

F6 

Filling 
process 
A 

closed 

open, 
"over- 
flow" 

closed 

open 
(LEI 
in) 

open 
(TE in) 

open 
(LE2 
'in) 

Filling 
process 
B 

open 
( sample 
in 

open, 
"over- 
flow" 

closed 

open 
(LEI 
in) 

closed 

closed 


After completion of the filling operation, the fluidic 
connections (F1-F6) are closed. 


Below, by way of example, some switching processes are 
listed for various analytical processes on an 
analytical unit corresponding to Figure 2: 
(The voltage is applied in each case downstream of the 
fluidic connections ) 


1. ) Simple separation (separation channels K2 and K4) 

Anode : F4 Cathode : F5 

2. ) 2-stage separation (discharge into internal 

channel K3 ) 

a. ) Separation in K2 Anode: F4 Cathode: F5 
(Switchover when sample component is just upstream 
of Vz) 

b. ) Separation in K3 Anode: F6 Cathode: F5 

3. ) 2-stage separation (discharge and transfer to 

external channel) 

a. ) Separation in K2 Anode: F4 Cathode: F5 
(Switchover when sample component is just upstream 
of Vz) 

b. ) Transfer to the exterior via F3 

Anode: F3 Cathode: F5 
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Figure 3 shows a possible method for elect rokinet ic 
sample delivery in miniaturized analytical systems from 
the prior art. Figures A, B, C and D show the 
individual steps of sample delivery. Figure A shows 
5 diagrammat ically a crossed channel structure. At the 
ends of the channels are situated the electrodes El to 
E4 . First , as shown in Figure B , a channel is filled 
with sample by applying a voltage between electrode El 
(0 V) and E2 (+500 V) . Then, as shown in Figure C, the 
U io electrodes in the filled channel are switched to the 
J;! same potential (for example El and E2 both at +400 V) 

p and a voltage is applied to the separation channel 

>B system situated perpendicularly thereto (E3 = 0 V and 

[7 E4 = +2.5 kV) . In this manner, the sample volume which 

«P 15 is situated at the intersection of the two channel 

*. systems is transported into the separation channel 

f|| system (Figure D) . The sample volume thus produced is 

? " in the range of some nanolitres or less. 
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Figure 4 shows a possible method for sample delivery in 
macroscopic analytical systems, for example the 
isotachophoresis instrument ItaChrom* EA 101 from I+M, 
Analytische Me£- und Regel technik, Germany. Figures 
A1/A2, B1/B2 and C1/C2 show the different sample 
25 delivery steps, with Figures Al , Bl and CI showing a 
side view of the delivery apparatus, and Figures A2 , B2 
and C2 showing a view from above. This mechanical 
sample delivery apparatus consists of a stopcock K 
which is surrounded by a casing U. Both the casing U 
30 and the stopcock K are multiply pierced by channels. 
The stopcock K can be rotated in the casing U in such a 
manner that in each case defined channels in the 
stopcock and casing are connected and liquids thus pass 
from storage vessels via the apparatus shown in a 
35 defined manner into the connected isotachophoresis 
instrument. Storage vessels and the ITP instrument are 
not shown in the figure, but only indicated by arrows. 
In Figures A1/A2, the stopcock is rotated so that there 
is a connection between channel pieces 3, 4 and 5, and 


between 2 and 6. By this means, channel piece 5 in the 
interior of the stopcock is filled with sample solution 
from a storage vessel which is connected to channel 3 . 
In addition, via a storage vessel on channel 2, the 
channel system of the isotachophoresis instrument is 
filled with one of the two separation buffers (buffer 
1) necessary for ITP. 

In a second step (Figure B1/B2) , the stopcock K is 
rotated so that the channel connections existing in 
Figure A1/A2 are broken. Instead, a connection is made 
between channel pieces 1 and 7. In this manner, the 
channel system situated downstream of the delivery 
apparatus is filled with a second buffer (buffer 2) . In 
Figure C1/C2, finally stopcock K is rotated again so 
that a connection is formed between channel pieces 1, 5 
and 2. Channel 2 is filled with buffer 1, channel 5 
with the sample solution and channel 1 with buffer 2. 
In this manner, a sample solution volume defined by the 
dimensions of channel 5 is embedded between the two 
buffers necessary for ITP. By applying a voltage,- the 
separation can then be begun. 

Even without further explanations, it is assumed that a 
person skilled in the art can utilize the above 
description to the broadest extent. The preferred 
embodiments and examples are therefore to be understood 
only as descriptive disclosure which is in no way 
limiting in any sense. 

Complete disclosure of all applications, patents and 
publications listed above and below and of the 
corresponding application DE 199 27 534, submitted on 
16.06.1999, is incorporated by reference into this 
application. 


